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296a Monday, February 4, 2013Myotonic dystrophy (DM) is the most prevalent human dystrophy; it results
from a spliceopathy in which muscleblind-like (MBNL) regulatory proteins
are sequestered by expanded CUG triplet repeats. In order to investigate the
specific role that MBNL proteins play on the functional expression of chloride
(ClC-1) channels, we studied the chloride currents (ICl) in fibers isolated from
FDB muscles of adult knockout (KO) mice lacking MBNL1, MBNL3, or both
(MBNL1/3 DKO). ICl were recorded in fibers voltage clamped with 2 micro-
electrodes, internally equilibrated with 70 mM intracellular chloride, and
bathed in TEA-Cl solution. We found that ICl records in fibers from the three
knockout strains display kinetic and voltage-dependent properties comparable
to those in control fibers (129SV mice). However, the maximal peak ICl
(peak-IClmax), and the maximal conductance calculated from them (gClmax),
varied markedly among strains. Both peak-IClmax and gClmax are significantly
smaller (~34%, p<005) in fibers of adult MBNL1 KO mice, than in those of
the controls. The persistently impaired functional expression of ClC-1 channels
contrasts with the transient chloride channelopathy of the HSALR model of
DM. Furthermore, while ICl records in fibers of MBNL3 KO mice are identical
to those from their control counterparts, peak-IClmax in fibers of MBNL1/3
DKO mice show more severe reductions (~50%, p<005) than those of
MBNL1 KO. These interesting results suggest novel synergistic regulatory
interactions between MBNL proteins which ultimately affect the functional
expression of ClC-1 channels. This work was supported by NIH grants
AR047664, AR041802, and AR054816. Precursors of MBNL1 mice were
kindly provided by Dr. M. Swanson, University of Florida.
1516-Pos Board B408
To the Molecular Mechanism of Mechanoelectrical Transduction in Cell
Felix Blyakhman1,2, Olga Dinislamova1, Alexander Safronov2,
Tatyana Shklyar1,2.
1Ural State Medical Academy, Yekaterinburg, Russian Federation,
2Ural Federal University, Yekaterinburg, Russian Federation.
Admittedly, mechanical deformation governs intracellular potential by means
of specific stretch-activated channels in cell membrane. At the same time, the
key mechanism of the mechanical stimulus (stretch) transduction in electro-
physiological response is still not clear. Numerous studies by different authors
have convincingly demonstrated the cytoskeleton sub-membrane structures
(cortex) critical need for the mechanoelectrical transduction providing. From
the physicochemical point of view, the cytoskeleton as a whole, and the cortex
in particular resembles a polyelectrolyte hydrogel, i.e., a 3D biopolymer net-
work with the electric charges localized on the macromolecular filaments,
and with free counterions dispersed in the liquid phase inside the network.
Presented investigation addresses the possible mechanism of stretch on cell
electrochemical potential change, based on the physicochemical properties
of cytoskeletal network. Synthetic polyelectrolyte gels were used as an exper-
imental model of the cytoskeleton. We have found that axial deformation of
polyelectrolyte gel shifts gel potential to depolarization. The decrease of poten-
tial with gel is the result of diminishing of counterion concentration inside the
gel. The underlying mechanism of it is likely the universal process of counter-
ion adsorption on charged polymer filaments due to the decrease of the
distance between polymer filaments owing to gel elongation. Thus, the phys-
icochemical properties of the gel network may affect the balance of ions
between the cortex and liquid phase of the cell. Independently of the activity
of stretch-activated channels, stretch of the cortex network is able to diminish
the absolute value of cell potential. On the other hand, we may suppose also
that such depolarization is the main factor that determines stretch-activated
channels activity.
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Background: Embryonic stem cells (ESCs) can be guided to differentiate into
cardiomyocytes by blocking canonical Wnt pathway (e.g., with Dkk-1) during
cardiac specification stage. We hypothesized that canonical Wnt signaling may
be an important negotiator during cardiac progenitors’ commitment towards
pacemaker or atrial/ventricular lineages.
Methods: Mouse ESCs were treated with activin-A/BMP-4 for 40 hours in a
defined medium to initiate cardiac differentiation. Flk-1þ/PdgfR-aþ cardiac
progenitors are FACS-purified and seeded as monolayers with Dkk-1 (day-0).
Results: At day-4, ~65% of cells are positive for cTnT, a pan-cardiomyocyte
marker. Some cTnT-positive cells express one or more of pacemaker-lineage
markers, Shox2/Tbx18/Tbx3/Hcn4. Spontaneously-beating areas are observed
starting day-2, and some single cells exhibit spontaneous, rhythmic action
potentials with hallmark pacemaker electrophysiology such as phase-4 depolar-ization and depolarized maximal diastolic potential. Still, the monolayers beat
in syncytium, resembling the passive contractions of atrial/ventricular myocar-
dium. Removal of Dkk-1 significantly increases pacemaker gene transcript
levels, Tbx18 and Shox2 by 5-fold (p<0.05, n=4), Hcn1 and Hcn4 by 2-fold
(p<0.05, n=4) compared to the cells cultured with Dkk-1. Conversely, ventric-
ular/atrial lineage markers, Nkx2.5 and Scn5a were suppressed by 4- and
8-fold, respectively, compared to control (p<0.05, n=4). In contrast to the
syncytial contractions of the monolayers cultured with Dkk-1, intact canonical
Wnt signaling (no Dkk-1) induces formation of discrete, node-like structures
which beat autonomously. The beating rates of cells cultured without Dkk-1
are ~3x faster than that of cells cultured with Dkk-1 (161.5511.5 vs.
48.052.9 bpm, p<0.01, n=4) at week-2. Single spontaneously-beating cells
isolated from no-Dkk-1 group are frequently spindle-shaped replicating the
morphology of genuine sinoatrial node pacemaker cells.
Conclusions: Endogenous, canonical Wnt pathway promotes differentiation of
mouse cardiac progenitor cells into pacemaker cells rather than to normally-
quiescent cardiomyocytes.
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The cellular basis of cardiac pacemaking activity, and specifically the quanti-
tative contributions of particular mechanisms, is still debated. Reliable com-
putational models of sinoatrial node (SAN) cells may provide mechanistic
insights, but competing models are built from different data sets and with
different underlying assumptions. To understand quantitative differences
between alternative models, we performed thorough parameter sensitivity
analyses of the SAN models of Maltsev & Lakatta (2009) and Severi et al
(2012). Model parameters were randomized to generate a population of cell
models with different properties, simulations performed with each set of
random parameters generated 14 quantitative outputs that characterized
cellular activity, and regression methods were used to analyze the population
behavior.
Our analysis pointed out that the twomodels, exhibit clearly different (sometime
even opposite) sensitivity to several parameters. As relevant examples: (1)
Naþ-Kþ pump activity, rapid delayed rectifier current (IKr) activation and
SR Ca2þ pump activity had a greater effect on cycle length (CL) in the Maltsev
model; (2) conversely, parameters describing the funny current (If) had a greater
effect on CL in the Severi model; (3) changes in IKr conductance (GKr) had
opposite effects on action potential (AP) amplitude in the two models.
Within the population, a greater percentage of model cells failed to exhibit APs
in the Maltsev model (27%) compared with the Severi model (7%), implying
greater robustness in the latter. Confirming this initial impression, bifurcation
analyses indicated that smaller changes in GKr or Naþ-Kþ pump activity led
to failed APs in the Maltsev model.
Overall, the results suggest experimental tests that can distinguish between
models and alternative hypotheses, and the analysis offers strategies for devel-
oping anti-arrhythmic pharmaceuticals by predicting their effect on the pace-
making activity.
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Problematic. The biological pacemaker is a new therapeutic approach that
could lead to optimized treatment of bradycardia. A possibility is the develop-
ment of a thin sheet of cardiomyocytes, cultured to obtain a target activation
rate. Fundamental research, often conducted with neonatal rat ventricular
myocytes (NRVMs), partially revealed two basic coupled mechanisms of
automaticity termed Voltage Clock (synergy of membrane currents) and
Calcium Clock (internal oscillations of calcium concentration). To date, no
ionic model is able to reproduce in silico the autonomous activity found in
cultured NRVMs. The present project aims to fill this gap.
Methods. A non-automatic NRVM ionic model (Korhonen-Tavi, 2009) is
modified according to documented Voltage and Calcium Clocks mathematical
formulations. The myocytes are cultured for 48 hours at low density, allowing
cells to remain single on dishes. Autonomous action potentials (APs) are mea-
sured with patch clamp method, and calcium transients (CTs) with Fluo-4 AM
Monday, February 4, 2013 297afluorescence imaging. Experimental variables (spontaneous rate, AP amplitude
and duration, CT decay time course) are extracted and compared to the output
of the model. Results. Insertion of Voltage Clock (upregulation of If and ICaL,
and downregulation of IK1 and Ito) into the model showed the presence of
automaticity with the characteristic slow late diastole depolarization. The
maximum activation frequencies (0,7Hz) reached only the lower frequency
range documented experimentally and found in the litterature (0,4 to 6Hz).
Conclusion. Limitations in the rate of automaticity found emphasise the impor-
tance of exploring the Calcium Clock mechanism whose insertion may lead to
higher spontaneous rates. In the future, a bifurcation analysis will give some
insights on the dynamical mechanisms behind pacemaker generation in cul-
tured NRVMs.
1520-Pos Board B412
Calcium Signaling Properties of Control and CPVT-Expressing Human
ipscs-Derived Cardiomyocytes
Xiaohua Zhang1, Sarah Haviland1, Hua Wei1, Tomo Saric2,
Jurgen Hescheler2, Lars Cleemann1, Martin Morad1.
1Cardiac Signaling Center of USC, MUSC, & Clemson University,
Charleston, SC, USA, 2Department of Neurophysiology, Cologne University,
Cologne, Germany.
Recent advances in the field of stem cell biology have made it possible
to develop spontaneously beating myocytes, with cardiac electrophysiologi-
cal and molecular phenotypes, from skin fibroblasts. Little is reported,
however, on Ca-signaling properties of such cells. Here we quantify the
Ca-signaling parameters of human iPSCs-derived cardiomyocytes developed
from control and CPVT-afflicted subjects with F2483I point mutation in
their RyRs. Single 3-6 days hiPSCs were patch-clamped using pipette solu-
tions containing in mM: 0.1 fluo4, 0.1 Ca2þ, 0.2 EGTA, 5 Naþ. ICa and
global Ca-transients were simultaneously measured. Ca-buffer concentra-
tions were set such as to maintain the spontaneous beating frequencies of
intact cells. ICa averaged ~8 pA/pF in 3 hiPSCs cell-lines (2 controls &
one RyR-mutant), but with significant variation among cells (2-20 pA/
pF). ICa-induced Ca-transients had rapid release but slow uptake kinetics,
producing significant maintained components. The voltage-dependence of
ICa-activated Ca-transients was bell-shaped, reflecting the voltage-
dependence of ICa in both control and mutant cells. The ratio of ICa-acti-
vated to caffeine-triggered Ca-transients (efficiency of release) was ~0.3.
INCX activated by caffeine Ca-transients ranged ~2 pA/pF compared to
~1.0pA/pF in adult cardiomyocytes. The gain of CICR was voltage depen-
dent, similar to adult cardiomyocytes. Both adrenergic and Ca-channel ag-
onists enhanced ICa markedly, but failed to alter the gain of CICR
significantly. Although there were no qualitative differences in Ca-
signaling profiles of control and CPVT mutant myocytes, caffeine-
triggered Ca-stores were smaller, CICR gain was larger at 30 but not
at 0mV, and Ca-sparks longer in duration in mutant myocytes.
We concluded that Ca-signaling parameters of hiPSCs-derived cardiomyo-
cytes were similar to those of adult cardiomyocytes, but the CPVT-RyR
mutant myocytes had somewhat altered Ca-signaling characteristics consis-
tent with functionally defective RyRs. (Support by: NIH, RO1-HL16152,
RO1-HL107600).
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hERG channels mediating the rapid delayed rectifier Kþ current (IKr) are im-
portant for normal ventricular repolarization. In native cardiac tissues,
hERG 1a subunit co-assembles with a subunit encoded by an alternate
transcript, ‘‘ERG1b’’ which has a shorter N-terminus (1) and influences
current kinetics (2). To date most pharmacological investigations of hERG
sensitivity to drugs have been confined to hERG 1a. However, some studies
suggest that hERG1b may confer altered pharmacological properties on
hERG 1aþ1b (2,3). Here, we aim to explore and characterise the differential
sensitivity of hERG currents (IhERG) carried either by hERG1a, hERG1aþ1b
or 1b alone to cardiac and non cardiac drugs, under conventional voltage
clamp. Recordings were made at 37C from Human embryonic kidney
(hEK) 293B cells either stably expressing hERG 1a channel or transiently
transfected with hERG1aþ hERG1b or hERG 1b alone. Whole-cell record-
ings utilised a standard external Tyrode’s solution and Kþ-based pipette
solution. We found the anti-malarial agent chloroquine to inhibit hERG1a
tail current at 40mV with an IC50 of 0.89 5 0.06 mM (n=4-5 cells per
concentration). Co-expression of hERG1a with hERG1b caused a shift in sen-sitivity with IhERG inhibited with an IC50 of 1.5 5 0.06 mM (n= 5-7 cells per
concentration). When IhERG was carried by hERG 1b alone, IC50 for IhERG
inhibition was 1.3 5 0.1 mM (n= 4-5 cells per concentration). Additional
in vitro investigations of hERG cardiac and non cardiac drugs are ongoing to
elucidate further the effect of the co-expression of hERG 1b subunit on IhERG
drug sensitivity.
This work was supported by the British Heart Foundation.
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From previous experimental and theoretical studies, it is well-known that
gap junctional coupling, Naþ channel density, and Naþ channel localization
influence the speed of electrical conduction velocity (CV) in multicellular
cardiac tissue. However, two recent findings complicate our understanding
of electrical conduction: (1) Naþ channels located at the intercalated disk re-
gion have different properties than those in the cell center; (2) in disease
states, changes in gap junctional coupling occur in tandem with alterations
in Naþ channel density, Naþ channel properties, and subcellular structure,
which makes it difficult to determine the effects of each change. To gain
a greater quantitative understanding of the factors that influence CV, we im-
plemented a one-dimensional mathematical model of electrically coupled hu-
man ventricular myocytes. The model accounts for the possibility that
electrical fields in the narrow clefts between adjacent cells can influence con-
duction. To determine how each model variable affects CV, we performed pa-
rameter sensitivity analysis under two conditions: (1) normal gap junctional
conductance (400 kU resistance between cells), and (2) severely reduced
gap junctional conductance (40 MU resistance between cells). Our simulation
results predict the following: (1) Increasing the width of the cleft between ad-
jacent cells increases CV under normal gap junctional conductance conditions
but decreases CV when gap junctional coupling is low; (2) reducing cell cou-
pling decreases CV under normal gap junctional conductance conditions, but
further changes to coupling have little effect under low gap junctional conduc-
tance conditions, (3) Naþ channel activation kinetics and voltage dependence
have a greater quantitative effect on CV with low than with normal gap junc-
tional conductance. The simulations generate predictions that can be tested
experimentally, and the results provide insight into changes in CV observed
in disease.
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The generation of human induced pluripotent stem (hiPS) cells provides a novel
path for a wide range of disease research, including LQTS. The human ether-a-
go-go related gene (hERG) encodes the a-subunit of a voltage-gated potassium
channel underlying IKr. hERG potassium channels contain nearly 300 different
disease-causing mutations, which can lead to long QT syndrome (LQTS). Its
N-terminal region contains an eag domain, which is important for modulating
channel deactivation properties. R56Q is a point mutation located in the PAS
domain that is associated with LQTS, a defect known to increase the rate
of deactivation profoundly. Previous work showed that R56Q profoundly
increased the rate of deactivation and lessend steady-state inactivation in
Xenopus oocytes and mammalian HEK293 cells. We also showed that a soluble
eag domain could restore the aberrant deactivation kinetics and inactivation
properties of hERG R56Q. Here, we tested whether the delivery of adenoviral
eag domains could rescue hERG R56Q channels expressed in cardiomyocytes
derived from human iPSCs (hiPSC-CMs). We used whole-cell patch-clamp
recordings to measure currents from iPSC-CMs expressing hERG, hERG
R56Q and hERG R56Qþeag domains. We found that the adenoviral delivery
of hERG R56Q to iPSC-CM resulted in channels with a faster rate of deactiva-
tion compared to that of WT hERG, indicating that hERG R56Q retained its
aberrant gating in cardiomyocytes. We found that adenoviral delivery of eag
domains restored slow deactivation kinetics to hERG R56Q channels in
iPSC-CMs. The results indicated that adenoviral-delivery of a small polypep-
tide (i.e. eag domain) could restore the current deficiencies in a hERG
LQT-mutant channel. This result indicates that eag domain polypeptides may
be a biological therapeutic for LQTS.
